I. Introduction: The Need for Active Debris Removal
Human exploration and use of outer space has not only made enormous contributions to the welfare of society, but has also resulted in a large number of debris in orbit. The US Space Surveillance Network ("SSN") currently tracks around 23,000 objects that are larger than 10cm in diameter.
1 Most of these tracked objects are debris residing in the busy Low Earth Orbits ("LEO"), i.e. orbits within 2,000 km of the Earth's surface. 2 Their high travel speed makes space debris a threat to active spacecraft and human space missions. Their 'natural decay' relies on the atmospheric drag, and ranges from years to centuries depending on the altitude they orbit at.
3
Space debris were not a major environmental concern in the early stage of space exploration and use. The treaties concluded then thus did not prescribe substantial obligations of environmental protection upon States. 4 The most relevant limitations in this regard are perhaps the requirements of paying 'due regard,' avoiding 'harmful contamination,' and conducting 'consultations' as found in Article IX of the Outer Space Treaty. 5 In the subsequent practice of States Parties, however, the creation of space debris has been seldom regarded as a violation of the 'due regard' principle. 6 This practice, albeit tacit, has the effect of establishing an agreement of the parties on a strict interpretation of the principle. 7 Although space debris were arguably a new form of such 'harmful contamination' of outer space, 8 States Parties were only obliged to 'avoid' it and adopt 'appropriate' measures 'where necessary.' 9 These vague and subjective terms make it difficult to assess whether there is a violation.
10
Provisions relating to consultations had never been directly used and invoked, Outer Space Treaty art. IX.
6
On China's fragmentation of its FY-1C in 2007, e.g., protests by other States were more concerned with the lack of consultations. For details, see infra note 11.
prior to the US activation of consultations with other space-faring countries before bringing down its USA-193 in 2008 . Space debris did not become a matter of major concern until the 1970s, when warnings of increased probability of satellite collisions were issued due to the so-called 'Kessler Syndrome.' 12 The issue was then discussed extensively at the intergovernmental level, in particular by the UN Committee on the Peaceful Uses of Outer Space ("COPUOS"). In 2002, the Inter-Agency Space Debris Coordination Committee ("IADC"), an international governmental forum between major national space agencies, adopted a set of guidelines designed to mitigate the growth of orbital debris. 13 A similar set of guidelines were adopted by the COPUOS in June 2007 14 and approved by the UN General Assembly in January 2008. 15 The formation of the two sets of guidelines took a bottom-up approach with national and regional efforts predating international efforts. 16 Mere mitigation, however, appears insufficient to keep space environment sustainable. Studies indicate that collisions among existing objects will force the LEO population to increase, even without any new launch. 17 Efforts have been made in the technological arena in response to threats posed by space debris. E.g., conjunction analysis is made possible by Space Situational Awareness ("SSA"), to predict when and where satellites might encounter debris. Space objects with a high probability of 
II. Potential Legal Barriers
While the proposed ADR technologies clearly need further improvement to be technologically feasible and economically viable, a number of legal issues have emerged.
A. The Lack of A Legally Binding Definition of Space Debris
The term 'space debris' does not appear in any of the UN treaties on outer space. The IADC Guidelines, which are not legally binding, define them as "all man-made objects including fragments and elements thereof, in Earth orbit or re-entering the atmosphere, that are non-functional." 26 The same definition was adopted by the COPUOS. 27 The term "man-made objects" in the definition should be distinguished from 'space objects' appearing in the outer space treaties. The latter term is not defined, but it is prevalently regarded as including not only integral space objects, but also "component parts of a space object as well as its launch vehicle and parts thereof."
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The functionality-based definition of space debris appears to be adequate for the implementation of space debris mitigation which is currently voluntary and confined to the scope of one's own space activities. Its limits may be tested in the context of ADR depending on specific rights and obligations contemplated. without consent. This is unlikely to happen, however, when integral space objects reaching their end of life are concerned.
C. Possible Liability for Damage Caused in ADR Operations
It seems debatable as to whether space debris fall within the scope of space objects, thereby remaining under the jurisdiction and control of the State of registry. However, rules regarding the attribution of liability for damages caused by space debris is clear. Pursuant to the Outer Space Treaty, the launching State is internationally liable for damage to another State Party or to its natural or juridical persons by such object or its component parts on the Earth, in air or in outer space.
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Article VII of the Outer Space Treaty was then elaborated by the Liability Convention, which stipulates that: "A launching State shall be absolutely liable to pay compensation for damage caused by its space object on the surface of the Earth or to aircraft in flight."
43 For such damage, liability can be legitimately established, as long as the launching State can be identified and the causal link between the damage and the activity can be proved. In 1978, Cosmos 954, a nuclear-powered satellite owned by the then Soviet Union (USSR), was disintegrated with hazardous radioactive debris scattered over a large area in Northern Canada. Negotiations concluded that the Government of the USSR should pay the Government of Canada three million Canadian dollars in full and the final settlement of all matters connected with the disintegration. 44 It was pursuant to Article II of the Liability Convention, Article VII of the Outer Space Treaty, and general principles of international law, that Canada presented the claim. 45 Although the settlement was not made through judicial proceedings, the legal grounds articulated by Canada are valid and seemed to be accepted by the USSR. The Liability Convention also provides that in the event of damage being caused elsewhere than on the surface of the Earth to a space object of one launching State or to persons or property on board such a space object by a space object of another launching State, the latter shall be liable only if the damage is due to its fault or the fault of persons for whom it is responsible. 46 In practice, however, it is difficult to prove fault due to the lack of traffic rules in outer space. This is evidenced by discussions ensuring the collision between Cosmos-2251 and Iridium-33 in 2009. Russia asserted that it did not have an obligation under international law to dispose of the derelict Cosmos-2251 and placed fault for the incident on Iridium LLC's failure to maneuver Iridium-33 so as to avoid the collision. Responding to Russia, however, Iridium LLC contended that it did not have an obligation to avoid the collision even if it was aware that such a collision would occur. 47 As neither side of the incident sought compensations, the international community missed an opportunity to clarify the rules regarding the attribution of fault in case of in-orbit collisions. Fault for damages caused in space would be even more difficult to prove if they are caused by small pieces of debris.
48
The existing law of liability in outer space exerts little deterrence on space-faring countries to control the creation of space debris. Furthermore, it is counterproductive to implementing ADR tests and operations. First of all, unless removal technologies have achieved a high degree of reliability, some States would choose not to conduct reentry operations which can possibly cause damage on the Earth or in air, but to leave its space debris in orbit. In this scenario, possible damage caused by them in space does not necessarily incur liability due to the ambiguous concept of fault as mentioned above. Reentry operations authorized by the launching State, on the other hand, would give rise to several or joint liability with the implementing State. Second, in many cases, ADR requires trans-orbit maneuvering of satellites, which can pose threats to operative space objects. If damage is caused to them, or persons and properties on board, the State conducting ADR is arguably at fault thus liable for the damage according to the existing law, as the no-removal scenario probably would not have caused such damage.
The above conclusions regarding the attribution of liability for damages caused in ADR operations seem rather absurd, given the bona fide intention behind the efforts of ADR. The existing regime of liability was drafted in such way due to the victim orientation. 49 Whereas this orientation shall be upheld today as it should be in the early stage of space exploration and use, more flexibility is needed in the application of rules in the context of ADR.
D. The Implications for Space Arms Control
Due to the technological similarity, some types of ADR systems would have inherent ASAT potential. 50 The dual-use nature of such systems is thus an issue of concern for its possible damage to international security. The concept of a groundor space-based laser system proposed for the removal of mm-to-cm-sized debris, e.g., is thought to be facing more non-technical issues than others.
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Because of potential military implications of debris removal technologies and the worst presumption of national security concerned, the debris removal operations or tests, in particular those conducted unilaterally, could be taken as attempts to acquire ASAT capability. The recent orbital maneuvers and close approaches to space debris of Kosmos 2504 and Kosmos 2499 satellites, both launched by Russia, were suspected by some commentators to be tests of the ASAT systems or inspectors. 52 China's similar maneuvers were likely taken by some as ASAT tests, but "experimental collection of space debris" by others. 53 The technical profile of the rendezvous shows that Chinese maneuvers are more likely tests of an on-orbit satellite inspection capability that many countries are developing. 54 In turn, such suspicions would inevitably exacerbate existing mistrust among States in the context of space security, thus posing additional impediments to the progress of space arms control.
In recent years, various space arms control initiatives have been proposed to reverse the course of a possible arms race in the outer space. One of them is the Draft Treaty on the Prevention of the Placement of Weapons in Outer Space, the Threat or Use of Force against Outer Space Objects ("PPWT"), jointly proposed by China and Russia at the Conference on Disarmament in 2008. 55 The challenge that dual-use space technologies pose to space arms control is addressed in PPWT in two aspects. First, any outer space object 'converted' for hostile purposes would become a weapon in outer space, hence its deployment is prohibited. 56 Therefore, the deployment of ADR systems concealing hostile purposes will be banned. Some States and scholars have expressed concerns as to the feasibility of reaching a consensus on the term "weapons in outer space," given the dual-use nature of many spacecraft used for peaceful purposes. 57 PPWT attempts to address this concern through its "non-threat or use of force" clause, which prohibits the use of any outer space object to attack or threaten to attack other objects therein. 58 To use ADR systems to cause damage to satellites deliberately would thus be prohibited.
The US has expressed a concern in that, as there are no prohibitions on the research, development, production and terrestrial storage of space-based weapons, there exists a possibility of a State's building and having in its inventory a readily deployable space-based ASAT or BMD capability.
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Another important initiative is the Draft International Code of Conduct for Outer Space Activities ("ICoC"), which was originally proposed by the EU and has recently gained considerable support from the US, Canada, Australia and Japan. ICoC is aimed to enhancing the safety, security, and sustainability of all outer space activities pertaining to space objects, as well as the space environment. No such international obligations, however, are imposed in the law of outer space. Instead, the last few years have witnessed the expansion of SSA activities and the growing willingness among States to share SSA data. As to the activities of SSA, e.g., the US Joint Space Operations Center ("JSpOC") had been performing conjunction analysis on the US government satellites. Through the 2009 collision between Cosmos-2251 and Iridium-33, it was realized that any major collision could put all spacecraft at risk and conjunction analysis is important to provide for all working satellites. 65 The low accuracy catalogue of JSpOC is made available to 4B23D/S2044251315000223a.pdf/space-arms-control-lex-lata-and-currently-active-proposals. 68 This latest development is remarkable noting that the US government maintains strict limitations on its spacecraft merchants and national space agency in the cooperation with China, and China has been reluctant to reveal contact information of its space operators. In spite of such defensiveness, both countries seem to be giving way, even if partially, to the commonly shared interest in ensuring the safety of their space operations and keeping the space environment sustainable for use. In order to ensure the safety of their space operations, States should maintain independent SSA capabilities that match the level of their space exploration and use. Currently, the US and Russia maintain the most advanced SSA capacity, while China, Europe, Australia, India, Japan and South Africa have only limited capability of space surveillance. 69 The continuous progress of emerging space-faring countries in space exploration and use calls for the simultaneous development of their indigenous SSA capability. 70 Commercial satellite operators have also begun developing complementary coordination mechanisms, such as the Space Data Association ("SDA") founded by Inmarsat, Intelsat and SES, due to the alleged fact that the US has preferred withholding its most accurate SSA data and information, as well as the methods used for processing them. 71 The simultaneous progress of different countries and commercial entities in SSA would inevitably give rise to some degree of repetitiveness and inefficiency in resources utilization at the global level. But it would not only place States on an equal footing in SSA information sharing, but also lay a solid foundation for the possible establishment of a global unitary SSA mechanism.
To track space debris is one thing, to catalogue them is another. In the context of ADR, to catalogue space debris, in which the launching State can be identified, is no less important than simply to track them from the legal perspective. As mentioned above, the removal of space debris may require the consent of the State that retains the jurisdiction and control over them. The US SSN 'catalogued' approximately 17,000 objects larger than 5 to 10 cm in the Earth orbit as of September 2012. 72 Each of the catalogued objects can be traced back to a break-up event and the launching State can be identified. The current catalogue system is not complete, either. Albeit the most credible so far, it is ultimately a unilateral catalogue. It is recognized that there is a large number of similar-sized space objects that are tracked, but not catalogued. Also, it is virtually impossible to track debris smaller than 1 cm in size. 73 The removal of space debris on a large scale thus requires the establishment of an international and more comprehensive catalogue of space debris.
The establishment of such an international catalogue is made possible by the registration of space objects launched into outer space as required by exiting international space law, in particular as far as inactive and dead space objects are concerned. The Registration Convention requires the launching State to register the space object, when it is launched into earth orbit or beyond, "by means of an entry in an appropriate registry." 74 territory or location of launch, and basic orbital parameters. 75 The Registration
Convention is complemented by the earlier General Assembly Resolution 1721B (XVI), where States launching objects into orbit or beyond are called upon to furnish information promptly to the COPUOS, through the Secretary-General, for the registration of launchings. 76 Those States as the US and Russia ceased transmitting related information to the COPUOS while acceding to the Registration Convention. 77 Some States have re-registered all their space objects under the Registration Convention. In this case, the space objects are removed from the Resolution Register to the Convention Register. 78 Non States Parties to the Registration Convention, such as Azerbaijan, voluntarily transmitted information concerning space objects they launched into outer space according to the UNGA Resolution 1721B (XVI). If all objects launched into outer space are registered and tracked, it is possible, at least theoretically, to catalogue most debris in outer space, as they will have already been registered before turning non-functional. The scenario, however, is not feasible currently. This is partly because there are technological barriers for SSA to track all space objects and many space objects launched into outer space were not registered.
The compliance of States and international organizations with the above obligations of registration is never universal.
79 E.g., the registration ratio of space objects at the national and international levels was only 75 percent of the time between 2001 and 2003; it was down from 91 percent in 1991. 80 The UN Office for
Outer Space Affairs ("UNOOSA") also warned recently that there is a growing divergence between 'space nations' and "States of registry," and there are functional space objects that are not registered almost each year. 81 But the term "to the greatest extent feasible and practicable" leaves a wide margin of discretion on the part of States; only a very small number of them have submitted such notifications.
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The challenge faced in the registration of space objects were discussed extensively in the COPUOS, accumulating to the adoption of Resolution 62/101 in the UN General Assembly on December 17, 2007. This resolution includes recommendations regarding the adherence to the Registration Convention, the harmonization of practices, the achievement of the most complete registration of space objects, and actions following the change in supervision of a space object in orbit. 91 More specifically, it recommends furnishing additional appropriate information to the Secretary-General on, among others, any change of status of operations (inter alia, when a space object is no longer functional). 92 Such non-functional space objects will be regarded as space debris if the IADC/COPUOS definition is applied. Although integral space objects that are non-functional only take a very small part of all space debris, they pose the most significant threats as collisions of them would probably result in breakups and creation of a large number of smaller debris. Accordingly, the registration of non-functional space objects is essential for ADR. As requested by the resolution, UNOOSA prepared a model registration form to assist States and organizations in registering space objects. 93 The form is currently used by there have been 'substantial changes' to the State practices of registry.
95 Space-faring countries should be further encouraged to follow the recommendations. This seems to be a more practical path for the enhancement of registration of space objects than to seek an amendment to the Registration Convention, given that the making of 'hard' space law has been in stagnation since the signing of the 1979 Moon Agreement. Dead and inactive space objects are not the only threat in outer space. As mentioned above, even debris as small as those in 1-10 cm range can cause deadly destruction to spacecraft. Currently, States do not have the obligation to register component parts and fragments of space objects and their launch vehicles. Operational and fragmentation debris are generally not registered, either.
96 Although States are probably willing to register them, technological difficulties and high costs of removing small pieces of debris would render the registration meaningless. Therefore, the focus of international efforts should be on tracking such small-size debris. In addition, a sub-catalogue system should be established to include them, by which small-size debris should be beyond the jurisdiction and control of the State of registry, and can be freely removed if necessary and feasible. 97 International consensus should also be reached, in that space debris whose owner can no longer be identified shall be included in this sub-catalogue.
B. Voluntary, Delegated, and Un-consented Removal
One should "clean up one's trash." However, the legal obligation of States to recover pollution that they cause beyond national jurisdiction, remains contingent on their contractual consent. In the law of the sea, States Parties to the UNCLOS have the obligation in general to take measures that are necessary to prevent, reduce and control pollution of the marine environment. 98 Coastal States of the exclusive economic zone ("EEZ") have the exclusive right to construct and to authorize and regulate the construction, operation and use of artificial islands, installations and structures. 99 In this case, they also assume the obligation to remove any installations or structures which are abandoned or disused to ensure safety of navigation. Treaty, even by a broad interpretation, does not include a legal obligation of debris mitigation, not to mention that of ADR.
Given that the practice of space debris mitigation has been following the 'soft law' approach, it is highly unlikely that States would accept the legally binding contractual obligation of ADR. Instead, States should be encouraged to remove space debris that they create. The common interest in maintaining the safety and sustainability of outer space would nevertheless give space-faring countries an impetus to conduct ADR when the need arises and cost effective measures are ready. In doing so, they may license private entities to carry out removal operations, or delegate other States with the technology to remove space debris under their jurisdiction and control.
102 Draft Articles on Responsibility of States for
Internationally Wrongful Acts provides: "Valid consent by a State to the commission of a given act by another State precludes the wrongfulness of that act in relation to the former State to the extent that the act remains within the limits of that consent." 103 If necessary, the international community should consider establishing an international body in charge of ADR. Such an international body may actively seek for a State's permission to remove dangerous space debris under its jurisdiction and control. States should also be encouraged to relinquish jurisdiction and control over space objects that have reached the end of life, thereby allowing other States or the international community to remove them. As mentioned above, un-consented removal of space debris, regardless of the size and compactness, are at least contrary to existing international space law in theory. It is argued that the jurisdiction and control that the State of registry has over space objects should be qualified by the principles of 'cooperation,' 'mutual assistance' and 'due regard'; and that if no action is taken by the State of registry for a threatening space object, the State whose space object is threatened should have the right to remove it without consent. 104 In this connection, it should be noted that the wrongfulness of un-consented removal may be precluded in some exceptional cases. International law recognizes that the necessity for a State to safeguard an essential interest threatened by a grave and imminent peril may outweigh the international obligation breached. 105 The invocation of necessity requires that the act be the only way for the State to safeguard an essential interest against a grave and imminent peril. 106 Here, the act shall not seriously impair an essential interest of either the State(s) towards which the obligation exists, or the international community as a whole. 107 Where there is an extremely high probability of collision between debris and an operating spacecraft, the latter's State of registry should initiate the process of consultations with that of debris under Article IX of the Outer Space Treaty. In the circumstance where there is no sufficient time for consultations, it may have the right to remove the debris without consent, depending on, inter alia, the probability of collision, the chance of active maneuver, the ratio of value between the threatened space object and the debris to be removed. Last but not the least, although the current space environment seems far from such an urgent point, it shall not be ruled out that there may be the need for the international community to seek a UN Security Council resolution, to determine space debris as a threat to international peace and security and to authorize the removal. Such an authorization can override obligations under the Outer Space Treaty, as in the event of a conflict between the obligations between the UN Members under the Charter and those under any other international agreement, the Charter based obligations shall prevail.
abandoned properties, which usually can become the property of whoever finds it and takes possession of it first. 109 A valid argument may be that the international community should have the right to freely dispose of them if they constitute a threat to public safety.
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C. An International Debris Removal Fund
Considering the presumably high costs and risks associated with ADR, it is proposed that an international fund should be created to provide the means to undertake orbital debris removal, and to cover the liabilities associated with debris removal. 111 The necessity of establishing a debris removal fund was recognized by the Scientific and Technical Subcommittee of the COPUOS early in 1998, 112 but it was not carried forward officially.
The creation of the fund is an important step in incentivizing public and private entities to invest in the research and development of debris removal technologies, by assuring them of the possibility of gaining revenues and clearing uncertainties associated with the liability issue. It could be used to cover, at least partially, the costs incurred in the course of ADR. If States can do it multilaterally it would significantly ease the concern over the dual-use nature of such activities. It could also be used to assist the indemnity, e.g., through commercial insurance, for possible damages caused in debris removal, thereby relieving potential operators from the concern that unsuccessful operations are to entail liabilities.
A question may follow on how financial contributions are spread in the establishment of such fund. State contribution amount should be based on either market-share responsibility for the debris currently in orbit, 113 or the scale of power
States have in space. 114 Also, every future space launch should include an additional fee that will be sent to the fund. 115 However, it is unclear whether space powers are willing to undertake the greatest financial obligation for their space debris removal. As major industrial countries agreed to take obligations in the negotiations of reducing greenhouse gas emission, major space-faring countries in the context of outer space, would have a decisive impact on the outcome. The US recently accepted that such a solution would conform to its national security interest, albeit burdensome on it in the short term. 116 This observation also holds true for each space-faring country.
Another challenge in spreading financial contributions is a possible proposition of 'military exception' from States. Namely, debris created by military activities shall be exempted in the consideration of distribution. This proposition has prevailed in the negotiation of many international environmental agreements. 117 The undergoing consultations of ICoC cannot escape from the similar resistance from some States that called for limiting its scope of the code to civil and commercial uses.
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D. Space Arms Control and International Cooperation
International security and environmental protection are twin impetuses for arms control. Both Chinese and the US ASAT tests were the first of their kind since the 1980s, when the US and the former Soviet Union, after a series of tests during the Cold War, ceased doing so. The tests prompted the concern that they might be the beginning of a new round of arms race in outer space and the debris created might render the Earth orbits un-usable. Although no such debris-generating test was implemented thereafter, it is undeniable that militarization of outer space continues. While arms control primarily addresses the issue of inter-State security, ADR is a response to one of the common challenges to the global society. In either respect, testing its limits, existing international space law need to be strengthened to cope with the challenges. On the one hand, it is insufficient to prevent an arms race in outer space effectively, while, on the other hand, it is somewhat counterproductive to the implementation of space debris removal. The international community should continue to address both inter-State security issues through arms control, and common security issues through international cooperation.
Current space arms control initiatives such as PPWT and ICoC, represent important steps for strengthening legal rules on the prevention of an arms race in outer space. Unfortunately, their progress has been hampered by the long-lasting disagreement among major space-faring countries on the primary-level obligations of space arms control, i.e. the prohibition of space-based weapons and/or terrestrialbased ASATs, and the technical difficulty of verification. The debate on space arms control is waiting for a proposal that prohibits both space-based weapons and ASATs. If States are insisting on effective verification of space arms control, they should realize that a progressive approach, starting with a treaty with imperfect verifiability, will bring more security to the world than the laissez faire scenario.
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Arms control is one of the primary methods to ensure international peace and security. This legal constraint is ultimately based on international cooperation that provides the panacea for long-lasting international peace and security. International cooperation in all fields of space exploration and use between all space-faring countries is probably an unreasonable expectation in the near future. Such cooperation, however, should at least be promoted in the areas where collective actions are needed to cope with common challenges to space security, such as the threats posed by the increase of space debris. Debris removal project carried out by multilateral cooperation under international law will help dilute mistrust and enhance confidence among States. It will finally make a great contribution to space arms control.
IV. Conclusion
The existing international law of outer space was made at the climax of the Cold War when the primary concern was the possible dominance of one bloc over the other, in and from space. Common challenges to the international community in outer space, such as threats posed by man-made debris and natural asteroids, did not emerge or become widely recognized for a considerable period of time after their entry into force. No wonder a 'loyal' application of the existing norms in the context of ADR, as in asteroid mitigation, often leads to absurd outcomes that hinder its smooth implementation. The climate of international politics has apparently become much milder with the end of the Cold War and even more so today, where States have become unprecedentedly interdependent. Although the functional scope of existing law is tested in many aspects by new developments, the fundamental framework remains essential in the international rule of law of outer space and shall not be subject to radical change. This shall not, of course, prevent us from devising policy innovations for the purpose of implementing ADR, including a more coordinated tracking of space debris, the enhancement of registration of space debris, the establishment of an international catalogue of space debris, the creation of an international fund, and the promotion of international cooperation.
